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DISPLAY DEVICE AND ELECTRONIC
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Japanese Applica-
tion No. 2014-083174, filed on Apr. 14, 2014, the contents
of which are incorporated by reference herein 1n its entirety.

BACKGROUND

1. Technical Field

The present ivention relates to a display device and an
clectronic apparatus including the same.

2. Description of the Related Art

As for display devices, 1n recent years, a demand for
display devices for car navigation and display devices for
mobile devices such as a mobile phone or an electronic
paper 1S 1ncreasing.

On the other hand, a sensing circuit for detecting a contact
of an object such as a finger and a pen 1s known. For
example, Japanese Patent Application Laid-open Publica-
tion No. 2009-29513"7 describes a sensing circuit that detects
a change 1n a capacitance value of a capacitive element that
1s formed with electrodes respectively provided on two
substrates facing each other and a dielectric material such as
a liquid crystal sandwiched between the electrodes and
detects that the object comes 1n contact with the capacitive
clement.

When applications to which the display device 1s applied
increase, there may be a case in which the display device 1s
used beyond an assumed operating temperature range. When
a liquid crystal layer 1s used beyond the assumed operating
temperature range, optical properties that should respond to
an electric field applied to the liqmd crystal are not exhib-
ited, and a display image may be disturbed. Therefore, it 1s
desirable to adequately recognize the state of the liquid
crystal layer 1n order to stop the use of the display device
when 1t 1s used beyond the assumed operating temperature
range.

For the foregoing reasons, there 1s a need for a display
device and an electronic apparatus that can reduce the
frequency of usage in a condition exceeding an assumed
operating temperature range.

SUMMARY

According to an aspect, a display device includes a
display unit that includes a dielectric material between two
substrates that face each other and a plurality of pixel
circuits that apply an electric field to the dielectric material
according to an 1mage input gradation for each of a plurality
of pixels arranged 1n a matrix, and displays an 1image using
the plurality of pixels; a capacitance detection unit that
outputs a detection signal of a magnitude corresponding to
a value of capacitance of the dielectric material; and a
control device determines, on the basis of the detection
signal from the capacitance detection unit, that the display 1s
normal when a correlation value of the capacitance to the
image mput gradation 1s 1 a predetermined correlation.

According to another aspect, an electronic apparatus
comprising a display device that includes a display unit that
includes a dielectric material between two substrates that
tace each other and a plurality of pixel circuits that apply an
clectric field to the dielectric maternial according to an image
input gradation for each of a plurality of pixels arranged 1n
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2

a matrix, and displays an 1image using the plurality of pixels
arranged 1 a matrix; a capacitance detection unit that
outputs a detection signal of a magnitude corresponding to
a value of capacitance of the dielectric material; and a
control device determines, on the basis of the detection

signal from the capacitance detection unit, that the display 1s
normal when a correlation value of the capacitance to the
image input gradation 1s 1n a predetermined correlation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory diagram representing an example
of a display device according to a first embodiment;

FIG. 2 1s a block diagram of a system example of the
display device of FIG. 1;

FIG. 3 1s a functional block diagram for explaining a
control device of the display device according to the first
embodiment;

FIG. 4 1s a circuit diagram of an example of a drive circuit
for driving pixels;

FIG. 5 1s a cross-sectional view of an example of a liquad
crystal display unit;

FIG. 6 1s a schematic plan view of pixels in the display
device according to the first embodiment;

FIG. 7 1s a schematic cross-sectional view of an example
ol a pixel substrate and layers stacked on the pixel substrate
in the display device according to the first embodiment;

FIG. 8 1s an explanatory diagram for explaining a detec-
tion period of a capacitance;

FIG. 9 1s a circuit diagram for explaining a capacitance
detection unit of the display device according to the first
embodiment;

FIG. 10 1s a circuit diagram for explaining the capacitance
detection unit of the display device according to the first
embodiment;

FIG. 11 1s a circuit diagram for explaining the capacitance
detection unit of the display device according to the first
embodiment;

FIG. 12 1s an explanatory diagram for explaining a
relationship between the number of detection times of
capacitance for the display device according to the first
embodiment and a capacitance;

FIG. 13 1s an explanatory diagram for explaining a
relationship between the number of detection times of

capacitance for the display device according to the first
embodiment and an 1mput gradation when the capacitance 1s
detected;

FIG. 14 1s an explanatory diagram for explaining a
relationship between the capacitance of the display device
according to the first embodiment and the mput gradation;

FIG. 15 1s an explanatory diagram for explaining a
relationship between a dielectric constant in a liquid crystal
layer of the display device according to the first embodiment
and a temperature;

FIG. 16 15 an explanatory diagram for explaining a change
in capacitance associated with a temperature change of the
display device according to the first embodiment;

FIG. 17 1s an explanatory diagram for explaining a case
where a change 1n capacitance associated with a temperature
change of the display device according to the first embodi-
ment appears 1n part of the display unait;

FIG. 18 1s an explanatory diagram for explaining a case
where a change 1n capacitance associated with a temperature
change of the display device according to the first embodi-
ment does not occur;
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FIG. 19 1s a flowchart of determining a state of a dielectric
material for the display device according to the first embodi-
ment,

FIG. 20 1s a flowchart of determining a state of a dielectric
material of a display device according to a second embodi-
ment;

FIG. 21 1s an explanatory diagram for explaining a case
in which part of display of the display unit in the display
device according to the second embodiment 1s normal
display;

FI1G. 22 1s a flowchart of determining a state of a dielectric
material for the display device according to a third embodi-
ment;

FIG. 23 1s a schematic plan view of a pixel substrate in a
display device according to a fourth embodiment;

FIG. 24 1s a schematic explanatory diagram of how to
detect a capacitance of the display device according to the
fourth embodiment;

FIG. 25 1s a diagram of an example of an electronic
apparatus to which the display device according to the
present embodiment 1s applied; and

FIG. 26 1s a schematic explanatory diagram of a head-up
display to which the display device according to the present
embodiment 1s applied.

DETAILED DESCRIPTION

Exemplary embodiments for implementing the present
invention will be explained 1n detail below with reference to
the accompanying drawings. The present invention 1s not
limited by the contents described 1n the following embodi-
ments. The components described as follows include those
which can be easily thought of by persons skilled in the art
and those which are substantially equivalents. In addition,
the components described below can be arbitrarily combined
with each other. The disclosure 1s only an example, and
therefore modifications within the gist of the invention
which can be easily thought of by persons skilled in the art
are obviously included 1n the scope of the present invention.
Moreover, the widths, the thicknesses, the shapes, and the
like of units in the drawings may be schematically repre-
sented as compared with those of actual aspects for the sake
of clearer description. However, these representations are
only examples, and therefore the interpretation of the present
invention 1s not limited thereby. In the present specification
and the figures, the same reference signs are assigned to the
same elements as those in already described figures, and
detailed explanation may be omitted 1f unnecessary.

First Embodiment

FIG. 1 1s an explanatory diagram representing an example
of a display device according to a first embodiment. FIG. 2
1s a block diagram of a system example of the display device
of FIG. 1. FIG. 1 1s schematically represented, and therefore
the dimensions and shapes are not necessarily the same as
actual ones.

A display device 1 includes a liquid crystal display unit 2,
a driver integrated circuit (IC) 3, and a backlight 6. The
display device 1 may be a transmissive or transflective
display device, or may be a reflective display device without
the backlight 6. Flexible printed circuits (FPC) (not illus-
trated) transmit an external signal or drive power for driving,
the driver IC 3 to the driver IC 3. The liquid crystal display
unit 2 icludes a translucent insulating substrate such as a
glass substrate 11. The liquid crystal display unit 2 includes
a display unit 21. Part of the glass substrate 11 functions as
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part of the display unit 21. The display unit 21 has a number
of pixels including liquid crystal cells are arranged in a
matrix (in the form of rows and columns). The liqud crystal
display unit 2 further includes a horizontal driver (horizontal
drive circuit) 23, a vertical driver (vertical drive circuit) 22,
and a capacitance detection circuit 26. The glass substrate 11
includes a first substrate, on which a number of pixel circuits
including active elements (e.g., transistors) are arranged 1n
the matrix, and a second substrate arranged opposite to the
first substrate with a predetermined gap. Part of the first
substrate where the pixel circuits are arranged and part of the
second substrate which faces the part of the first substrate
where the pixel circuits are arranged function as part of the
display unit 21. The display unit 21 includes a liquid crystal
layer 1n which liquid crystal 1s sealed between the first
substrate and the second substrate.

Frame regions 11gr and 11¢g/ of the liquid crystal display
unit 2 are non-display regions which are on the surface of the
glass substrate 11 and with no display unit 21 on which a
number of pixels including liquid crystal cells are arranged
in a matrix (in the form of rows and columns). In the present
embodiment, one direction along a plane of the display unit
21 1s set as an X direction, a direction perpendicular to the
X direction 1s set as a Y direction, and a direction perpen-
dicular to the X-Y plane 1s set as a Z direction. The vertical
driver 22 1s disposed 1n the frame region 11¢g/ extending 1n
the Y direction. The capacitance detection circuit 26 1s
disposed 1n the frame region 11gr which 1s a diflerent side
from the frame region 11¢g/ and extends in the Y direction.
The hornizontal driver 23 and the dniver IC 3 are arranged
along one side extending in the X direction between the
frame region 11g/ and the frame region 11gr, the one side
being 1n the periphery (Irame) of the display unit 21 in which
the frame region 11g/ and the frame region 11gr are also
included. The layout of the vertical drniver 22, the capaci-
tance detection circuit 26, the horizontal driver 23, and the
driver IC 3 1s not limited to the arranged positions 1llustrated
in FIG. 1.

The backlight 6 1s an example of an i1llumination unit and
disposed on the back side of the liquid crystal display unit
2 (the face on the other side of the face where an 1mage 1s
displayed when viewed from the Z direction). The backlight
6 irradiates light toward the liquid crystal display unit 2 and
causes the light to enter the entire surface of the display unit
21. Examples of the backlight 6 include, but are not limited
to, a light source and a light guide plate that guides the light
output from the light source to be output toward the back
side of the liquid crystal display unit 2. The backlight 6 may
include a plurality of light sources arrayed along the X
direction or the Y direction, and the light amount of each of
the light sources may be independently controlled. This
enables the backlight 6 to cause the light emitted by only
part of the light sources to enter part of the liquid crystal
display unit 2. In the display device 1 of the present
embodiment, the light source 1s explained using the back-
light 6 disposed on the back side of the liquad crystal display
umt 2, but a front light disposed on the surface side of the
liquid crystal display unit 2 may be used.

System Configuration Example of Display Device

The liquid crystal display unit 2 includes the display unit
21, the driver IC 3 having functions of an interface (I/F) and
a timing generator, the capacitance detection circuit 26, the
vertical driver 22, and the horizontal driver 23.

As 1llustrated 1n FIG. 2, 1n the display unit 21, pixels Vpix
that include the liquid crystal layer have a matrix structure
in which units each forming one pixel on the display are
arranged 1n m rowsxn columns. The pixel Vpix has a pixel
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circuit that applies an electric field to a dielectric matenal
forming the liquid crystal layer. In this specification, the row
indicates a pixel row having n pieces of pixels Vpix arrayed
in one direction. The column indicates a pixel column
having m pieces of pixels Vpix arrayed in the direction
perpendicular to the direction in which the rows are arrayed.
The values of m and n are determined according to a vertical
display resolution and a horizontal display resolution. In the
display unit 21, each of scan lines 24 1s wired 1n each row
and each of data lines 235 1s wired 1n each column with
respect to an m-row/n-column array of the pixels Vpix. The
display unit 21 1s disposed 1n a region where the scan lines
24 and the data lines 23 overlap with black matrixes of a
color filter when viewed from the direction perpendicular to
the front face. The display unit 21 has an opening 1n each
region where no black matrix 1s arranged.

A capacitance detection umt 30 1s arranged with respect to
the display unit 21. In the first embodiment, a plurality of
capacitance detection units 30 are arranged i1n different
positions of the display umt 21, so that the capacitance
detection units 30 are respectively arranged 1n an upper leit
corner display region 31LU, a lower left corner display
region 311D, a center display region 31M, an upper right
corner display region 31RU, and a lower right corner display
region 31RD. The capacitance detection unit 30 may be
provided in each of the pixels Vpix. Each pixel Vpix may be
provided with one capacitance detection unit 30 1n the center
display region 31M; whereas, each pixel group including a
plurality of pixels Vpix may be provided with one capaci-
tance detection unit 30 1n each of the upper left corner
display region 31LU, the lower left comer display region
31L.D, the upper right corner display region 31RU, and the
lower night corner display region 31RD. With this structure,
when the respective regions of the same area are compared
with each other, a detection density of the capacitance
detection unit 30 in the center display region 31M becomes
high as compared with the others in same area units, and
cach detection density thereof 1n the upper left corner
display region 31LU, the lower left corner display region
31L.D, the upper right corner display region 31RU, and the
lower right comer display region 31RD becomes low. In this
way, the example 1n which the detection density 1n the center
display region 31M 1s high has been explained; however, the
region of the high detection density can be arbitrarily set.

A master clock, a horizontal synchronization signal, and
a vertical synchronization signal, which are external signals
input from an external device, are mput to the liquid crystal
display umit 2 and supplied to the driver IC 3. The driver IC
3 performs level conversion (boosting) of the master clock,
the horizontal synchronization signal, and the vertical syn-
chronization signal, each of which has a voltage magnitude
of an external power supply, to those having a voltage
magnitude of an internal power supply required for driving,
the liquid crystal, and generates a master clock, a horizontal
synchronization signal, and a vertical synchronization sig-
nal. The dniver IC 3 supplies the generated master clock,
horizontal synchronization signal, and vertical synchroniza-
tion signal to the vertical driver 22 and the horizontal driver
23. The driver IC 3 generates a common potential (counter
clectrode potential) Vcom to be commonly supplied to a
pixel electrode for each pixel Vpix, and supplies the gener-
ated common potential to the display unit 21.

The vertical driver 22, on the basis of the data output from
the driver IC 3, sequentially outputs data for one line as a
vertical scan pulse, and supplies the data to the scan lines 24
of the display unit 21, to thereby sequentially select pixels
Vpix row by row. The vertical driver 22 and the capacitance
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detection circuit 26 are arranged in the extending direction
of the scan lines 24 so as to sandwich the scan lines 24
therebetween. The vertical driver 22 sequentially outputs the
data 1n the order from, for example, an upper side of the
display unit 21 for the scan lines 24 1.e. from an upper
direction of vertical scanming to a lower side of the display
unit 21 1.e. to a lower direction of the vertical scanning. The
vertical driver 22 can also sequentially output the data in the
order from a lower side of the display unit 21 for the scan
lines 24 1.e. from a lower direction of vertical scanning to an
upper side of the display unit 21 1.e. to an upper direction of
the vertical scanning.

The horizontal driver 23 1s supplied with data for image
input of, for example, 6-bit R (red), G (green), and B (blue).
The hornizontal driver 23 writes the display data to pixels
Vpix of a row selected through vertical scanning performed
by the vertical driver 22 for each pixel, or for each pixels, or
for all pixels at a time via the data lines 25.

The capacitance detection circuit 26 selects each capaci-
tance detection unit 30, and detects a detection signal of a
magnitude corresponding to the value of capacitance of the
dielectric material 1n the liquid crystal via a capacitance
detection line 27. The capacitance detection circuit 26
outputs the detected detection signal to a control device 4.

The control device 4 includes, for example, a central
processing unit (CPU) 41 serving as an arithmetic device
and a storage device 42 serving as a memory, and can
implement various functions by executing programs using
these hardware resources. Specifically, the control device 4
reads a program stored 1n the storage device 42 to load 1t to
the memory, and has the CPU 41 execute instructions
included 1n the program loaded to the memory. The control
device 4 performs control so that the driver IC 3 can handle
the 1mage to be displayed on the display unit 21 as infor-
mation on an 1mage input gradation according to the execu-
tion result of the istruction performed by the CPU 41. In the
control device 4 according to the first embodiment, the CPU
41 calculates a correlation value of the capacitance to the
image mput gradation of the image displayed on the display
unmt 21 using the detection signal input from the capacitance
detection circuit 26, via an interface IF such as an analog-
to-digital (A/D) converter, and stores the calculation result
in the storage device 42.

FIG. 3 1s a functional block diagram for explaining the
control device of the display device according to the present
embodiment. The control device 4 includes a capacitance
detecting unit 401, a temperature determiming unit 402, and
a control unit 403 as functions of implementing various
functions by executing the program using the hardware
resources. The control umt 403 includes a display control
unit 413 that controls the image displayed on the display unit
21 so that the driver IC 3 handles the image displayed on the
display unit 21 as information on the 1mage input gradation,
and a light source control umt 423 that controls the light
amount of the backlight 6.

The capacitance detecting unit 401 can detect the detec-
tion signal of one capacitance detection unit 30 1n a time
division manner. For example, the capacitance detecting unit
401 can seclect one of the capacitance detection units 30
provided 1n different positions of the display unit 21 and
detect information on values of the capacitance sampled at
different sampling time points via the capacitance detection
circuit 26.

The capacitance detecting unit 401 can select the respec-
tive capacitance detection units 30 provided in different
positions of the display unit 21 at a time and detect 1nfor-
mation on values of the capacitance sampled at the same




US 9,671,245 B2

7

sampling time point via the capacitance detection circuit 26.
The capacitance detecting unit 401 increases the number of
selections to select the capacitance detection units 30 pro-
vided 1n a specific display region of diflerent display regions
in the display unit 21 more than that of the other display
regions, and can thereby detect information on the values of
the capacitance sampled at the same sampling time point.

The temperature determining unit 402 stores a plurality of
values of the capacitance detected by the capacitance detect-
ing unit 401, calculates a correlation value of the capacitance
to the image 1input gradation, and determines the temperature
when the correlation value 1s within a predetermined range
of correlation. For example, the temperature determining
unit 402 plots the 1image input gradation displayed on a
specific pixel Vpix of the display unit 21 and the capacitance
of the pixel Vpix, which 1s detected and stored in the
capacitance detecting unit 401, 1n the correlation between
the 1mage input gradation and the capacitance value. The
temperature determining unit 402 calculates a relative angle
between an approximate curve of the plotted correlation
value and a predetermined reference line, and determines,
when the relative angle 1s a predetermined threshold angle or
more, that the temperature 1s abnormal (high temperature or
low temperature) with respect to the display of the display
unit 21 because the correlation value 1s beyond the prede-
termined range of correlation. The predetermined reference
line 1s, as explained later, a temperature upper limit line 1n
which a capacitance value becomes constant when the
temperature exceeds, for example, an i1sotropic phase tran-
sition temperature. The temperature determining unit 402
stores a plurality of values of the capacitance detected by the
capacitance detecting unit 401, calculates a correlation value
of the capacitance to the image input gradation, and can
determine that the temperature 1s normal with respect to the
display of the display unit 21 based on a relationship of the
calculated correlation value to the reference line. The tem-
perature determining unit 402 stores a plurality of values of
the capacitance detected by the capacitance detecting unit
401, calculates a correlation value of the capacitance to the
image nput gradation, and can determine that the tempera-
ture 1s abnormal (high temperature or low temperature) with
respect to the display of the display unit 21 based on a
relationship of the calculated correlation value to the refer-
ence line.

The predetermined reference line may be a reference line
in an appropriate state that can be calculated from a plotted
point between the image mmput gradation being maximum
gradation displayed on a specific pixel Vpix of the display
unit 21 and the capacitance of the pixel Vpix and from a
plotted point between the image mput gradation being
mimmum gradation displayed on a specific pixel Vpix of the
display unit 21 and the capacitance of the pixel Vpix at a
reference temperature (for example, at normal temperature
such as 25 degrees). The reference line 1n the appropnate
state can be set depending on an individual difference and a
temporal change of the display unit 21.

Alternatively, as a range 1n which the display unit 21 can
perform normal display, the temperature determining unit
402 may store a range of values of the capacitance detected
by the capacitance detecting unit 401 1n an appropnate
temperature range for each image mmput gradation in the
form of a table or an arithmetic expression as a reference
range. The temperature determining unit 402 stores the
values of the capacitance detected by the capacitance detect-
ing unit 401, calculates a correlation value of the capacitance
to the 1mage input gradation, and can determine that the
temperature 1s appropriate with respect to the display of the
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display unit 21 when the calculated correlation value 1s
within the reference range because the correlation value 1s
within a predetermined range of correlation. The tempera-
ture determining unit 402 stores the values of the capaci-
tance detected by the capacitance detecting unit 401, calcu-
lates a correlation value of the capacitance to the image input
gradation, and can determine that the temperature 1s abnor-
mal (lugh temperature or low temperature) with respect to
the display of the display unit 21 when the calculated
correlation value exceeds the reference range because the
correlation value 1s beyond the predetermined range of
correlation.

When the temperature determining unit 402 determines
that the temperature 1s abnormal (high temperature or low
temperature) with respect to the display of the display unit
21, the display control unit 413 may set the image 1nput
gradation mput to the driver IC 3 to be the minimum
gradation or the maximum gradation. For example, the
capacitance values of liquid crystal molecules approach a
constant upon high temperature, and are close to an 1nter-
mediate value between the capacitance value indicated by
the minimum gradation of the image input gradation and the
capacitance value indicated by the maximum gradation of
the 1mage mput gradation. In other words, the capacitance
values of liquid crystal molecules are close to a capacitance
value indicated by an intermediate gradation of the gradation
range of the image input gradation. When the temperature
determining unit 402 determines that the temperature is
abnormal (high temperature or low temperature) with
respect to the display of the display unit 21, by setting the
image input gradation mput to the driver IC 3 to be the
minimum gradation or the maximum gradation, the display
control unit 413 can provide a viewer with an 1mage whose
input gradation 1s represented by the minimum gradation or
the maximum gradation and which 1s displayed in the entire
display unit, and enables the viewer to recognize that the
temperature 1s 1n the abnormal state. In addition, because the
change in the image input gradation 1s suppressed, the
viewer can easily check a location at the high temperature
when viewing the display umt 21. When a liquid crystal
layer 54 1s 1n a normal display state, the temperature
determining unit 402 can determine that the temperature 1s
appropriate with respect to the display of the display unmit 21.

The light source control unit 423 may set the backlight 6
in a non-lighting state, while the control device 4 supplies
the driver IC 3 with the image whose 1mage 1mput gradation
changes and the capacitance detecting unit 401 continuously
detects the capacitance value. By setting the backlight 6 1n
the non-lighting state, the influence of the heat of the
backlight 6 1s reduced, the temperature of the display unit 21
quickly lowers, and the display 1s more easily changed to
normal. Moreover, the control device 4 enables the viewer to
recognize that the temperature i1s i the abnormal state.
When the liquid crystal layer 54 becomes in the normal
display state, the temperature determining unit 402 can
determine that the temperature 1s appropriate with respect to
the display of the display unit 21. The light source control
umt 423 may lower the light amount of the backlight 6,
while the control device 4 supplies the driver IC 3 waith the
image whose 1image mput gradation changes, and the capaci-
tance detecting unit 401 continuously detects the capaci-
tance value.

When the backlight 6 includes a plurality of light sources
arrayed along the X direction or the Y direction so that the
light sources can be separately driven, that is, so that the
light amount of each of the light sources 1s independently
controlled, the capacitance detecting unit 401 may detect the
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capacitance for each of a plurality of partial regions of the
display unit 21, the temperature determining unit 402 may
determine the temperature for each of the partial regions on
the basis of the values of the capacitance detected by the
capacitance detecting unit 401, and the light source control
unit 423 may suppress the amount of light which 1s 1rradi-
ated to a partial region where the display 1s abnormal.

When the temperature determining unit 402 determines
that the temperature 1s abnormal (high temperature or low
temperature) with respect to the display of the display unit
21, the control unit 403 can perform control so that the
temperature 1s decreased to a temperature at which the
display of the display unit 21 becomes normal by using a
cooling device such as a fan or an air conditioner (not
illustrated).

FI1G. 4 1s a circuit diagram of an example of a drive circuit
for driving pixels. Formed on the display unit 21 are wirings
such as the data lines 25 for supplying a pixel signal as
display data to thun film transistors (TFT) Tr of the pixels
Vpix illustrated in FIG. 4 and the scan lines 24 for driving
the thin film transistors Tr. In this way, the data lines 25 are
extended along a plane parallel to the surface of the glass
substrate 11, and supply the pixel signal for displaying an
image to the pixels Vpix. The pixel Vpix includes the thin
film transistor Tr and a liquid crystal capacitor LC. The thin
film transistor Tr 1s formed of an n-channel metal oxide
semiconductor (MOS) TFT 1n this example. Either one of a
source and a drain of the thin film transistor Ir 1s coupled to
the data line 23, a gate thereof 1s coupled to the scan line 24,
and the other one of the source and the drain i1s coupled to
one end of the liquid crystal capacitor LC. The liquid crystal
capacitor LC 1s coupled at 1ts one end to the thin film
transistor Tr, and 1s coupled at the other end to a common
potential Vcom of a common electrode com.

Apixel Vpix is coupled to the other pixels Vpix belonging
to the same row 1n the display unit 21 through the scan line
24. The vertical driver 22 sequentially applies the vertical
scan pulse to the scan line 24 in the scan direction. A pixel
Vpix 1s coupled to the other pixels Vpix belonging to the
same column 1n the display umt 21 through the data line 25.
The data lines 25 are coupled to the horizontal driver 23 and
are supplied with the pixel signal from the horizontal driver
23. The common electrode com 1s coupled to the drive
clectrode driver (not 1llustrated). The drive electrode driver
supplies a voltage (common potential Vcom) to the common
clectrode com. Moreover, the common electrode com sup-
plies the common potential Vcom to a pixel Vpix and also
to the other pixels Vpix belonging to the same column of the
display unit 21. The common electrode com may be
arranged extending in the X direction, and the common
clectrode com may be arranged extending 1n the Y direction.

The vertical driver 22 illustrated 1n FIG. 1 and FIG. 2
applies the vertical scan pulse to the gates of the thin film
transistors Ir in the pixels Vpix through the scan line 24
illustrated 1n FIG. 4 to thereby sequentially select one row
(one horizontal line), as a target of display driving, from
among the pixels Vpix formed 1n the matnx in the display
unit 21. The horizontal driver 23 illustrated in FIG. 1 and
FIG. 2 supplies the pixel signals to the pixels Vpix including
one horizontal line sequentially selected by the vertical
driver 22 through the respective data lines 25 1illustrated 1n
FIG. 4. In the pixels Vpix, the display of one horizontal line
1s performed according to the supplied pixel signals.

As explained above, the display device 1 dnives the
vertical driver 22 so as to sequentially scan the scan lines 24,
and one horizontal line 1s thereby sequentially selected. In
the display device 1, the horizontal driver 23 supplies the
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pixel signals to the pixels Vpix belonging to the one hori-
zontal line, and the horizontal line 1s thereby displayed one
by one. When performing the display operation, the drive
clectrode driver applies the common potential Vcom of the
common electrodes com corresponding to the one horizontal
line.

The configuration of the display unit 21 will be explained
in detail next. FIG. 5 1s a cross-sectional view of an example
of a liquid crystal display unit. As illustrated 1n FIG. 5, the
liquid crystal display unit 2 includes a first substrate (upper
substrate) 30, a second substrate (lower substrate) 52
arranged opposite thereto 1n the direction perpendicular to
the surface of the first substrate, and the liquid crystal layer
54 1nserted between the first substrate 50 and the second
substrate 52. The backlight 6 1s provided on the other side of
the first substrate 50 which 1s opposed to a liquid crystal
disposed 54 side.

The liquid crystal layer 54 modulates the light passing
therethrough according to the state of the electric field, and
1s driven 1n a horizontal electric field mode such as fringe
field switching (FFS) or in-plane switching (IPS).

The first substrate 50 includes a pixel substrate 60 which
1s a translucent substrate such as glass, a first orientation film
62 layered on the liquid crystal layer 54 side of the pixel
substrate 60, and a first polarizer 63 layered on the side
opposite to the liqmd crystal layer 54 side of the pixel
substrate 60. The pixel substrate 60 will be explained later.
The first orientation film 62 1s used to onent the liquid
crystal molecules 1n the liquid crystal layer 54 1n a prede-
termined direction, and 1s 1n direct contact with the liquid
crystal layer 54. The first orientation film 62 1s formed of, for
example, a polymer material such as polyimide, and 1is
formed by performing, for example, rubbing processing on
applied polyimide, etc. The first polarizer 63 has a function
of converting the light incident from the backlight 6 side to
linearly polarized light.

The second substrate 52 includes a counter substrate 64
which 1s a translucent substrate such as glass, a color filter
66 formed on the liquid crystal layer 54 side of the counter
substrate 64, a second orientation film 67 formed on the
liquid crystal layer 54 side of the color filter 66, a retardation
f1lm 68 formed on the side opposite to the liquid crystal layer
54 side of the counter substrate 64, and a second polarizer
69 formed on the side opposite to the counter substrate 64
side of the retardation film 68. The color filter may be
formed on the first substrate 50 instead of the second
substrate 52.

The color filter 66 1ncludes color regions colored in three
colors of, for example, red (R), green (G), and blue (B). The
color filter 66 1s configured to periodically array the color
regions colored in the three colors, for example, red (R),
green (), and blue (B) in openings 765, and to associate the
color regions in the three colors: R, G, and B grouped as a
set serving as a pixel Pix with the pixels Vpix illustrated 1n
FIG. 4. The color filter 66 faces the liquid crystal layer 54
in the direction perpendicular to the pixel substrate 60. The
color filter may be a combination of other colors 11 the color
regions are colored in different colors. In the color filter, the
luminance of the color region of green (G) 1s generally
higher than the luminance of the color region of red (R) and
the color region of blue (B). The color filter 66 may be
formed so that a black matrix 76a covers the outer periphery
of each pixel Vpix illustrated 1n FIG. 4. The black matrixes
76a are arranged on boundaries each between two-dimen-
sionally arranged pixel Vpix and pixel Vpix, and a lattice
shape 1s thereby formed. The black matrix 764 1s formed of
a material having a high light absorptivity. As illustrated 1n
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FIG. 2, one of the capacitance detection units 30 1s prefer-
ably provided to pixels Vpix which are associated with each
other as one of the pixels Pix. Thereby calculation to
calculate the capacitance value corresponding to the 1image
input gradation input to each pixel Pix can be simplified.

The second orientation film 67 1s used to orient the liquid
crystal molecules 1n the liquid crystal layer 54 1n a prede-
termined direction similarly to the first orientation film 62,
and 1s 1n direct contact with the liquid crystal layer 54. The
second orientation film 67 1s formed of, for example, a
polymer material such as polyimide, and 1s formed by
performing, for example, rubbing processing on applied
polyimide, etc. The retardation film 68 has a viewing angle
compensation function that improves a viewing angle prob-
lem caused by the first polarizer 63 and the second polarizer
69. The second polarizer 69 has a function of absorbing a
linearly polarized light component parallel to a polarizer
absorption axis and transmitting a polarized light component
orthogonal thereto. The first polarizer 63 and the second
polarizer 69 have functions of transmitting/blocking the
light depending on ON/OFF state of the liquid crystal.

The pixel substrate 60 will be explained next with refer-
ence to FIG. 6 and FIG. 7. FIG. 6 1s a schematic plan view
of pixels 1n the display device according to the first embodi-
ment. FIG. 7 1s a schematic cross-sectional view of an
example of the pixel substrate and layers stacked on the
pixel substrate in the display device according to the first
embodiment. The pixel substrate 60 1s a translucent substrate
on which various circuits are formed, a plurality of pixel
clectrodes 72 1s arranged 1n the matrix on the pixel substrate
60, and the common electrode com 1s arranged on the pixel
substrate 60. As 1llustrated in FIG. 7, the pixel electrode 72
and the common electrode com are insulated from each
other by an 1nsulating layer 74 and face each other in the
direction perpendicular to the surface of the pixel substrate
60. The pixel electrode 72 and the common electrode com
are translucent electrodes formed by a translucent conduc-
tive material (translucent conductive oxide) such as indium
tin oxide (ITO). In the first embodiment, a first electrode on
the upper side 1s the pixel electrode 72 and a second
clectrode on the lower side 1s the common electrode com.
However, the first electrode may be set as the common
clectrode com, and the second electrode may be set as the
pixel electrode 72.

A semiconductor layer 90 where the thin film transistor
serving as a switching element of each of the pixels Vpix 1s
formed and wirings such as the data line 235 for supplying a
pixel signal to each of the pixel electrodes 72 and the scan
line 24 for driving the thin film transistor are layered on the
pixel substrate 60 through the insulating layer 74.

The mnsulating layer 74 has an insulating film 74a between
the scan line 24 and the semiconductor layer 90 and an
insulating film 7456 between the pixel electrodes 72 and the
common electrode com, which are layered. More specifi-
cally, the mnsulating film 74a 1s layered on a location (layer)
where each portion 1s 1n contact with the pixel substrate 60
or with the scan line 24. The nsulating film 745 1s layered
on a location (layer) where each portion 1s 1in contact with
the surface of the data line 25, the semiconductor layer 90,
or of the insulating film 74a. The mnsulating film 74a and the
insulating film 745 according to the present embodiment are
an 1norganic isulating layer of silicon nitride (S1NXx) or
silicon oxide. The material forming the layers of the insu-
lating films 74a and 745 1s not limited thereto. The imnsulating
films 74a and 745 may be formed of the same insulating
material, or either one of them may be formed of a different
insulating material.
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As 1llustrated in FIG. 6 and FIG. 7, the scan line 24
three-dimensionally intersects with part of the semiconduc-
tor layer 90 to act as a gate of the thin film transistor Tr.
There 1s one portion at which the scan line 24 and part of the
semiconductor layer 90 three-dimensionally intersect with
cach other, and the thin film transistor Tr 1s a single gate
transistor with an n-channel region ch. The thin film tran-
sistor Ir may be a double gate transistor, or any functional
clement as long as 1t has a switching function. The semi-
conductor layer 90 1s formed of, for example, amorphous
silicon or low temperature polysilicon. The data line 25
extends on a plane parallel to the surface of the pixel
substrate 60, and supplies a pixel signal for displaying an
image on a pixel. The semiconductor layer 90 1s 1n contact
with a source 25a coupled at part thereof to the data line 25,
and 1s electrically coupled at the other portion to a drain 255
formed on the same layer as the data line 25. The drain 255
according to the present embodiment 1s electrically coupled
to the pixel electrode 72 by a through hole SH1. In the
present embodiment, the scan line 24 1s a wiring of metal
such as molybdenum (Mo) and aluminum (Al), and the data
line 25 1s a wiring of metal such as aluminum. On the pixel
substrate 60 according to the present embodiment, the scan
line 24 and the common electrode com, the msulating film
74a, the data line 25 and the semiconductor layer 90, the
insulating film 7454, and the pixel electrodes 72 are layered
in this order.

Slits SL are formed with respect to the pixel electrodes 72
corresponding to the pixels Vpix, and the liquid crystal layer
54 1s driven by an electric field (Iringe electric field) leaked
from the slits SL 1n the pixel electrodes 72 of the electric
field formed between the common electrode com and the
pixel electrodes 72.

A capacitance detection electrode 73 1s provided on the
same layer as that of the pixel electrode 72 1n a region where
the capacitance detection electrode 73 does not overlap with
the pixel electrode 72. As 1llustrated 1n FIG. 7, the capaci-
tance detection electrode 73 and the common electrode com
face each other through the msulating layer 74. Therefore, a
capacitance aflected by the liquid crystal layer 54 1s held
between the capacitance detection electrode 73 and the
common electrode com. The capacitance detection electrode
73 1s comb-shaped, and 1ts comb teeth 73Q) enter the slits SL
of the pixel electrode 72. There 1s a space S1 between each
comb tooth 73Q and the pixel electrode 72, so that each
comb tooth 73Q and the pixel electrode 72 are non-conduc-
tive. The liquid crystal molecules of the liquid crystal layer
54 are rotated by the electric field, and thereby the optical
transmittance and the capacitance of the dielectric material
change. The above structure enables the capacitance detec-
tion electrode 73 to detect a value of the capacitance of the
dielectric material corresponding to the rotation of the liquid
crystal molecules. Because the comb teeth 73Q) are pro-
vided, the capacitance detection electrode 73 thereby easily
detects the value of the capacitance of the dielectric material
corresponding to the rotation of the liquid crystal molecules.
The case of the capacitance detection electrode 73 being
comb-shaped has been explained; however, 1t may have no
comb teeth 73Q) or may have only one comb tooth 73Q). The
capacitance detection electrode 73 1s an example of the
capacitance detection unit 30, but the capacitance detection
unit 30 1s limited thereto.

FIG. 8 1s an explanatory diagram for explaining a detec-
tion period of the capacitance. FIG. 9 to FIG. 11 are circuit
diagrams each for explaining a capacitance detection unit of
the display device according to the first embodiment. As
illustrated 1n FIG. 8, the capacitance detection circuit 26
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performs an operation of detecting a capacitance of one
capacitance detection unit 30 during a capacitance detection
period Tscan 1n which a reset period Tres, a sensing period
Tsen, and a read-out period Tout are set as one unit.

As 1llustrated i FIG. 9, the capacitance detection unit 30
includes a reset transistor (second transistor) 1r2, an ampli-
fication transistor (third transistor) 1r3, and a selection
transistor (fourth transistor) Trd. These transistors are
tormed with TFT similarly to the thin film transistor Tr of the
pixel circuit and are formed 1n the same process.

The gate of the reset transistor Tr2 1s supplied with a reset
signal RES via a first control line G1. The drain of the reset
transistor Tr2 1s coupled to a power wire 27P and the source
thereol 1s coupled to the gate of the amplification transistor
Tr3. A voltage VRH 1is supplied from the capacitance detec-
tion circuit 26 to the power wire 27P.

The drain of the amplification transistor 1r3 1s coupled to
the power wire 27P and the source thereof 1s coupled to the
drain of the selection transistor Trd4. The source of the
selection transistor 1r4 1s coupled to the capacitance detec-
tion line 27 and the gate thereof 1s supplied with a selection
signal SEL via a second control line G2.

A reference capacitor Cs 1s provided between the gate of
the amplification transistor 1r3 and the first control line G1.

In the reset period Tres 1llustrated 1n FIG. 8, the level of
the reset signal RES becomes VD, and the reset transistor
112 1llustrated 1n FIG. 9 becomes an ON state. At this time
the selection signal SEL 1llustrated in FIG. 8 1s a low level,
and the selection transistor Trd4 becomes an OFF state. As
illustrated 1n FIG. 9, the potential of the gate of the ampli-
fication transistor Tr3 is reset to the power supply potential
VRH.

In the sensing period Tsen, the level of the reset signal
RES changes from VD to GND (=0V). Then, as illustrated
in FIG. 10, the reset transistor 1r2 becomes the OFF state.
Because the first control line G1 1s coupled to one electrode
of the reference capacitor Cs, the reference capacitor Cs
functions as a coupling capacitance, and the gate potential of
the amplification transistor Tr3 changes when the level of
the reset signal RES changes.

As explained above, the liquid crystal molecules of the
liquid crystal layer 54 are rotated by the electric field, and
the value of the capacitance of the dielectric material and the
optical transmittance change according to the rotation. A
capacitance value Cq of the capacitance of the liquid crystal
can be detected as a variation AV due to capacitive coupling
with the reference capacitor Cs. For the reference capacitor
Cs, 1t the capacitance 1s large, the variation AV due to
capacitive coupling becomes small, while if the capacitance
value Cs 1s small, the variation AV becomes large. There-
tore, by adjusting the capacitance of the reference capacitor
Cs, the change 1n the capacitance of a capacitance detection
unit 30 of the predetermined reference can be reflected in the
gate potential.

In the read-out period Tout, the selection signal SEL

changes from the low level to a high level. Then, as
illustrated 1n FIG. 11, the selection transistor 1rd4 becomes
the ON state. Thereby a detection current Idet corresponding,
to the gate potential of the amplification transistor Tr3 flows
in the capacitance detection line 27. In the read-out period
Tout, to surely set the selection transistor Trd to be the ON
state, 1t 1s preferable to pre-charge the potential of the
capacitance detection line 27 to a pre-charge potential Vpre
betore the read-out period Tout. In this example, as illus-
trated 1 FI1G. 8, the reset period Tres and the sensing period
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Tsen are set as a pre-charge period Tpre, and the pre-charge
potential Vpre 1s supplied to the capacitance detection line
27 during this period.

The change of the capacitance due to the capacitance
detection electrode 73 will be explained below with refer-
ence to FIG. 12 and FIG. 13. FIG. 12 1s an explanatory
diagram for explaining a relationship between the number of
detection times of capacitance for the display device accord-
ing to the first embodiment and the capacitance. FIG. 13 1s
an explanatory diagram for explaining a relationship
between the number of detection times of capacitance for the
display device according to the first embodiment and an
input gradation when the capacitance i1s detected. For the
liguid crystal layer 54, a potential corresponding to the
image nput gradation 1s supplied to the pixel electrode 72 to
be acted on the dielectric anisotropy of the dielectric mate-
rial of the liquid crystal, and optical anisotropy appears. At
this time, a dielectric constant (€//) 1n a long-axis direction
of the liquid crystal molecules and a dielectric constant (&)
in a short-axis direction of the liquid crystal molecules
change according to the electric field applied to between the
common electrode com and the pixel electrode 72. As
illustrated 1 FIG. 12, if the image mnput gradation 1is
different 1n each capacitance detection period Tscan, the
capacitance detection unit 30 indicates capacitance values
according to the 1mage input gradation as long as the state
of the liquid crystal 1s within an assumed operating tem-
perature range. Therefore, there 1s a correlation between the
image mput gradation 1n each capacitance detection period
Tscan 1illustrated 1n FIG. 13 and a capacitance value Vs 1n
cach capacitance detection period Tscan illustrated in FIG.
12.

FIG. 14 1s an explanatory diagram for explaining a
relationship between the capacitance of the display device
according to the first embodiment and the imput gradation.
For example, as 1llustrated in FI1G. 14, when the vertical axis
represents the capacitance value Vs in each capacitance
detection period Tscan and the horizontal axis represents the
input gradation in each capacitance detection period Tscan,
and 1f, for example, seven detected values in the capacitance
detection period Tscan are plotted as correlation values D1
to D7 of the capacitance with respect to the 1image input
gradation, a correlation 1n which the correlation values D1
to D7 are arrayed can be approximated by a correlation line
LVs.

FIG. 15 1s an explanatory diagram for explaining a
relationship between a dielectric constant in the liquid
crystal layer of the display device according to the first
embodiment and a temperature. When the temperature 1n the
liguid crystal layer exceeds an 1sotropic phase transition
temperature TNI, a dielectric constant ¢ does not change.
When the temperature exceeds the 1sotropic phase transition
temperature TNI, the dielectric constant ¢ does not change as
illustrated in FIG. 14, and therefore correlation values of the
capacitance with respect to the image mmput gradation are
plotted on a temperature upper limit line LTNI where the
capacitance value Vs 1s constant regardless of the magnitude
of the mput gradation.

The control device 4 calculates a relative angle o between
the temperature upper limit line LTNI and the correlation
line LVs, and simply determines that the display 1s abnormal
when the relative angle o 1s smaller than a threshold angle
corresponding to a threshold temperature Tth which 1s a
predetermined temperature illustrated 1n FI1G. 15 because the
display 1image may be disturbed. The control device 4
calculates the relative angle a between the temperature
upper limit line L'INI and the correlation line LVs, and
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simply determines that the display i1s normal when the
relative angle a 1s equal to or larger than the threshold angle
corresponding to the predetermined threshold temperature
Tth 1llustrated 1n FIG. 15.

FIG. 16 to FIG. 18 are explanatory diagrams for explain-
ing a change 1n capacitance associated with the temperature
change of the display device according to the first embodi-
ment. FIG. 16 depicts display in gradation in which, when
the display of an image HUD on the display unit 21 1s
normal display WN'T, an mput gradation corresponding to
high capacitance 1s displayed in white and the input grada-
tion corresponding to low capacitance 1s displayed 1n black.
FIG. 17 depicts a state in which, although part of the display
of the image HUD on the display unit 21 the same as that of
FIG. 16 1s the normal display WNT, parts thereof are
abnormal display WTNI and abnormal dlsplay WTNIB. The
abnormal display WTNI indicates a state in which the
temperature of the liquid crystal molecules already reaches
the 1sotropic phase transition temperature TNI, and the
abnormal display WTNIB indicates a state in which the
temperature of the liqud crystal molecules reaches the
threshold temperature Tth. In the display device, heat 1s in
many cases stored 1n a central portion of the display unit 21
due to a state of heat conduction inside a housing. The
display device may detect the temperature of the display unit
21 using a temperature sensor; however, i1t 1s easier to
provide a capacitance detector (capacitance detection unit
30) to the central portion of the display unit 21 than to
provide a temperature sensor to the central portion of the
display unit 21. The display unit 21 according to the first
embodiment 1s provided with the capacitance detection unit
30 in the center display region 31M which overlaps the
abnormal display WINIB, and can therefore detect the
temperature that exceeds the 1sotropic phase transition tem-
perature TNI partially occurring in the liqud crystal layer
54. For example, the capacitance detection unit 30 can more
speedily detect the abnormal display WTNIB by increasing
the detection density of the center display region 31M, and
by decreasing each detection density of the upper left corner
display region 31LU, the lower left cormer display region
31L.D, the upper right corner display region 31RU, and the
lower right comer display region 31RD), when the respective
regions ol the same area are compared with each other.
Moreover, by increasing the frequency or the number of
times of selecting and detecting the capacitance detection
unit 30 1n the center display region 31M more than that in
the other regions, 1t 1s possible to more speedily detect the
abnormal display WTNIB.

FIG. 18 depicts a state 1n which the entire surface of the
display of the image HUD on the display unit 21 the same
as that 1llustrated in FIG. 16 1s the abnormal display WTNI.
The control device 4 becomes difficult to detect a detection
signal of a magnitude corresponding to the value of capaci-
tance of the dielectric material that changes according to the
input gradation 1f the supply of 1image input 1s stopped to
make a pause of use of the display device when the abnormal
display 1s detected as illustrated in FIG. 18. Therefore, the
control device 4 controls the display device according to the
flowchart illustrated 1n FIG. 19. FIG. 19 1s a flowchart of
determining a state of the dielectric material for the display
device according to the first embodiment.

As 1llustrated 1n FIG. 19, the control device 4 selects a
specific capacitance detection unit 30, and determines
whether the correlation of the capacitance to the input
gradation 1s a predetermined correlation (Step S1). For
example, the control device 4 calculates a relative angle o
between the temperature upper limit line LTNI and the
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correlation line LVs, determines that the display 1s normal
when the relative angle a becomes equal to or larger than the
threshold angle corresponding to the predetermined thresh-
old temperature Tth 1llustrated 1n FIG. 15 (Yes at Step S1),
and repeats the determination of Step S1 by obtaining a
value of the capacitance which 1s sampled at a diflerent
sampling time point and mmput from the same capacitance
detection electrode 73 after a predetermined nterval. Alter-
natively, when the same mput image gradation as any one of
input 1mage gradations with respect to capacitance previ-
ously detected by a capacitance detection electrode 73 1is
iput to a pixel Vpix whose capacitance 1s detected by the
capacitance detection electrode 73, the control device 4 may
not perform the determination of Step S1; whereas, when an
input 1mage gradation different from all of the input 1mage
gradations with respect to capacitance previously detected
by a capacitance detection electrode 73 1s mput to a pixel
Vpix whose capacitance 1s detected by the capacitance
detection electrode 73, the control device 4 may perform the
determination of Step S1 by obtaiming a value of capacitance
which 1s sampled by the capacitance detection electrode 73
at a diflerent sampling time point.

The control device 4 selects a specific capacitance detec-
tion unit 30, and, when 1t 1s determined that the display 1s
abnormal because the correlation of the capacitance to the
image input gradation i1s not the predetermined correlation
and the relative angle o becomes smaller than the threshold
angle corresponding to the predetermined threshold tem-
perature Tth illustrated 1n FIG. 15 (No at Step S1), stops the
image mput, and sets the input gradation to be minimum
gradation or maximum gradation (Step S2). When the rela-
tive angle o becomes smaller than the threshold angle
corresponding to the predetermined threshold temperature
Tth illustrated 1n FI1G. 15, the capacitance values are con-
stant as 1llustrated in FIG. 14, which 1s close to an interme-
diate value between the capacitance value indicated by the
minimum gradation of the image input gradation and the
capacitance value indicated by the maximum gradation of
the 1mage mput gradation. On the other hand, when the
temperature of the display unit 21 falls within the operating
temperature range and the liquid crystal molecules function
normally, the capacitance detection unit 30 can detect the
capacitance value corresponding to the mimimum gradation
of the image input gradation or the capacitance value
corresponding to the maximum gradation thereof.

When the capacitance value detected by the capacitance
detection unit 30 1s not the capacitance value corresponding
to the minimum gradation or the capacitance value corre-
sponding to the maximum gradation (No at Step S3), the
control device 4 keeps the image mput gradation to be the
minimum gradation or the maximum gradation (Step S2). At
Step S2, the control device 4 may alternately repeat the state
in which the image mput gradation 1s the minimum grada-
tion and the state 1n which the 1mage input gradation 1s the
maximum gradation, calculate the relative angle «, and
determine whether the capacitance value detected by the
capacitance detection unit 30 has reached the capacitance
value corresponding to the minimum gradation or the
capacitance value corresponding to the maximum gradation.

When the capacitance value detected by the capacitance
detection unit 30 has reached the capacitance value corre-
sponding to the minimum gradation or the capacitance value
corresponding to the maximum gradation (Yes at Step S3),
the control device 4 restarts the image input (Step S4). In the
display device 1 according to the first embodiment, when 1t
1s determined that the display 1s abnormal, the control device
4 stops the supply of the image mput, and sets the image
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input gradation to be the minimum gradation or the maxi-
mum gradation instead of the image input. Thereby the
display device 1 provides the viewer with the image whose
input gradation 1s represented by the minimum gradation or
the maximum gradation and which 1s displayed in the entire 53
display unit, and can continuously detect a detection signal
for the value of capacitance of the dielectric material cor-
responding to the minimum gradation or the maximum
gradation of the image input gradation while causing the
viewer to recognize that the display 1s 1n the abnormal state. 10
Therefore, the display device 1 according to the {irst
embodiment can provide the normal display to the viewer
when the display 1s recovered.

As explained above, the display device according to the
first embodiment includes the pixels Vpix on the display unit 15
21, the capacitance detection unmits 30, and the control device
4. The display unit 21 includes the liquid crystal layer 54
including the dielectric material which 1s provided between
the pixel substrate 60 and the counter substrate 64 and has
the dielectric anisotropy and the optical anisotropy. The 20
display unit 21 further includes the pixel circuits that apply
an electric field to the dielectric material according to an
image input gradation for each of the pixels Vpix arranged
in a matrix, and displays the image using the pixels Vpix.
The capacitance detection unit 30 outputs a detection signal 25
of the magmitude corresponding to the value of the capaci-
tance of the dielectric material 1n the liquid crystal layer 54.
The control device 4 stores a plurality of detection signals
output by the capacitance detection units 30, and determines
that the display 1s normal when the correlation value of the 30
capacitance to the image mput gradation 1s in the predeter-
mined correlation. This enables the display device 1 to
directly detect that the display 1s normal with responsiveness
of the display state.

When the change in the value of the capacitance to the 35
image input gradation 1s a predetermined threshold or less,
the control device 4 determines that the display 1s abnormal.
When the liquid crystal layer 54 1s used beyond the assumed
operating temperature range, the display device 1 can deter-
mine the possibility of disturbance in the display image and 40
stop the display because the optical properties that should
respond to the electric field applied to the liquid crystal layer
54 are not exhibited. Consequently, the control device 4 of
the display device 1 according to the first embodiment can
adequately recognize the state of the liquid crystal layer 54. 45

When the value of the capacitance to the image input
gradation does not change, the control device 4 determines
that the display 1s abnormal. This enables the control device
4 to recognize that the liquid crystal molecules as a target to
be detected by the capacitance detection unit 30 exceeds the 50
1sotropic phase transition temperature TNI. When the dis-
play unit 21 1s at low temperature, a phase transition of the
liguid crystal molecules occurs according to the applied
clectric field, which causes the value of the capacitance to
the 1mage input gradation not to change. In this way, the 55
control device 4 of the display device 1 according to the first
embodiment can detect display abnormality beyond the
assumed operating temperature range even if it 1s low
temperature or high temperature.

As the information on the value of capacitance based on 60
the detection signals, immformation on the values of the
capacitance which are sampled at different sampling time
points and mput from the same capacitance detection unit 30
1s mput to the control device 4. Thereby the number of
capacitance detection units 30 can be suppressed. As a 65
result, the black matrix 76a around the pixel Vpix decreases,
and an opening ratio 1ncreases.
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The display device 1 according to the first embodiment
selects the capacitance detection unit 30 corresponding to

the pixel Vpix in which the maximum gradation of the image
input gradation or the minimum gradation thereof 1s dis-
played, and continuously detects the capacitance aiter it 1s
determined that the display i1s abnormal. Because of this,
when the liqumd crystal molecules function normally, the
capacitance detection unit 30 can detect the capacitance
value corresponding to the minimum gradation of the image
input gradation or the capacitance value corresponding to
the maximum gradation thereof.

The display device 1 according to the first embodiment 1s
not limited to this aspect, and therefore 1t may be configured
to preferentially select, as the specific capacitance detection
unit 30 selected at Step S1, the capacitance detection unit 30
that detects the capacitance of the pixel Vpix to which the
maximum gradation of the image mmput gradation or the
minimum gradation thereof 1s input, from the information on
the 1mage that the control device 4 previously displays on
the display unit 21. It 1s thereby possible to preferentially
detect the capacitance of the pixel Vpix with a high signal-
to-noise ratio in the correlation value of the capacitance to
the 1image mput gradation, thus enhancing detection sensi-
tivity. As for the specific capacitance detection unit 30
selected at Step S1, 1t may also be configured to select any
capacitance detection unit 30 except for the capacitance
detection unit 30 that detects the capacitance of the pixel
Vpix i which the image input gradation (intermediate
gradation) corresponding to the temperature upper limit line
L'INI 1s displayed, from the information on the image that
the control device 4 previously displays on the display umit
21. It 1s thereby possible to preferentially detect the capaci-
tance of the pixel Vpix with a high signal-to-noise ratio in
the correlation value of the capacitance to the image input
gradation, thus enhancing detection sensitivity.

It 1s preferable that the control device 4 receives infor-
mation on the value of capacitance based on the detection
signals from the capacitance detection units 30 arranged 1n
the upper left comer display region 31LU, the lower left
corner display region 311D, the center display region 31M,
the upper right corner display region 31RU, and the lower
right corner display region 31RD. It 1s thereby possible to
recognize the state of the liquid crystal molecules 1n each of
the display regions within the plane of the display unit 21
and determine whether the surface of the display unit 21 1s
in a partially normal display state or 1n a partially abnormal
display state.

Second Embodiment

FIG. 20 1s a flowchart of determining the state of the
dielectric material for the display device according to a
second embodiment. FIG. 21 1s an explanatory diagram for
explaining a case 1n which part of display of the display unit
in the display device according to the second embodiment 1s
normal display. The same reference signs are assigned to the
same components as these described in the embodiment, and
overlapping explanation 1s omitted.

As 1llustrated 1n FIG. 20, the control device 4 sequentially
selects a plurality of capacitance detection units 30, and
determines whether the correlation of the capacitance to the
image mput gradation 1s a predetermined correlation (Step
S11). For example, the control device 4 selects the capaci-
tance detection units 30 1n the center display region 31M, the
upper left corner display region 31LU, the lower left corner
display region 31L.D, the upper right corner display region
31RU, and the lower right corner display region 31RD, and
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determines whether the correlation of the capacitance to the
image iput gradation is a predetermined correlation. When
the correlation of the capacitance to the 1image mput grada-
tion 1s the predetermined correlation, i1t 1s determined that
the display 1s normal. When the correlation of the capaci- 5
tance to the 1mage mput gradation 1s not the predetermined
correlation, 1t 1s determined that the display 1s abnormal. In
the second embodiment, when i1t 1s determined that the
display of at least one of the display regions 1s abnormal, the
determination result of Step S11 1s negative (No at Step 10
S11). When the temperature determining unit 402 deter-
mines that the display of all the display regions 1s normal
based on the capacitance values sent from the capacitance
detection umits 30 in all display regions (Yes at Step S11),
the temperature determining unit 402 repeats the determi- 15
nation of Step S11. In Step S11, the temperature determining,
unit 402 stores information on display regions which are
determined as normal.

Cases where the display 1s abnormal will be explained
below. The display unit 21 illustrated in FIG. 21 indicates an 20
example 1n which the center display region 31M 1is at high
temperature and an alert indication AD 1s displayed in a part
of the normal disp“ay WNT 1ncluded 1n the display of the
image HUD. As illustrated in FIG. 21, when the center
display region 31M is at high temperature, 1t 1s determined 25
that the display 1s abnormal (No at Step S11), and 1t 1s
determined that part of the display, that 1s, the center display
region 31M 1n this example, 1s abnormal (Yes at Step S12).
The control device 4 displays the alert indication AD (per-
forms alert display) in one of the display regions determined 30
as normal (Step S13). In the example 1llustrated in FIG. 21,
the alert indication AD 1s displayed 1n the upper leit corner
display region 31LU. In addition, the control device 4 sets
the 1mage mput gradation to be the minimum gradation or
the maximum gradation 1n the display region determined as 35
abnormal, for example, in the center display region 31M
(Step S14). Thereby the display device 1 provides the image
in which the center display region 31M (display region as a
part of the display unit) 1s represented by the minimum
gradation or the maximum gradation to the viewer, and can 40
continuously detect a detection signal for the value of
capacitance of the dielectric material corresponding to the
mimmum gradation or the maximum gradation of the image
input gradation while the viewer 1s caused to recognize that
the display 1s abnormal 1n the center display region 31M 45
(display region as a part of the display unit).

When it 1s determined that the display 1s abnormal in, for
example, not only the center display region 31M but also all
the display regions (No at Step S11, and No at Step S12), and
the control device 4 proceeds the processing to Step S14. 50

The control device 4 sets the image input gradation to be
the mimnmimum gradation or the maximum gradation 1n the
display region determined as abnormal (Step S14).

Subsequently, when the capacitance value detected by the
capacitance detection umt 30 1s not the capacitance value 55
corresponding to the mimimum gradation or the capacitance
value corresponding to the maximum gradation (No at Step
S15), the control device 4 keeps the 1image mput gradation
to be the minimum gradation or the maximum gradation
(Step S14). 60

When the capacitance value detected by the capacitance
detection unit 30 1s the capacitance value corresponding to
the minimum gradation or the capacitance value correspond-
ing to the maximum gradation (Yes at Step S13), the control
device 4 restarts the image mput (Step S16). 65

As explained above, 1n the display device 1 according to
the second embodiment, the capacitance detection unit 30 1s
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arranged 1n each of the display regions within the plane of
the display unit 21, and the control device 4 determines that

the display 1s normal or abnormal i1n each of the display
regions. This enables the display device 1 according to the
second embodiment to give an alert with alert indication that
the display 1s abnormal in the display region determined as
normal.

Third Embodiment

FIG. 22 1s a flowchart of determining the state of the
dielectric material for the display device according to a third
embodiment. The same reference signs are assigned to the
same components as these described in the embodiments,
and overlapping explanation 1s omitted.

As 1llustrated 1n FIG. 22, the control device 4 selects a
specific capacitance detection unit 30, and determines
whether the correlation of the capacitance to the 1mage input
gradation 1s a predetermined correlation (Step S21). For
example, the control device 4 calculates a relative angle o
between the temperature upper limit line LTNI and the
correlation line LVs, determines that the display 1s normal
when the relative angle a becomes equal to or larger than the
threshold angle corresponding to the predetermined thresh-
old temperature Tth illustrated in FIG. 15 (Yes at Step S21),
and repeats the determination of Step S21 by obtaining a
value of the capacitance which 1s sampled at a different
sampling time point and input from the same capacitance
detection electrode 73 after a predetermined interval.

The control device 4 selects a specific capacitance detec-
tion unit 30, and, when 1t 1s determined that the display 1s
abnormal because the correlation of the capacitance to the
image input gradation 1s not the predetermined correlation
and the relative angle . becomes smaller than the threshold
angle corresponding to the predetermined threshold tem-
perature Tth 1llustrated 1n FIG. 15 (No at Step S21), sets the
backlight 6 1n the non-lighting state (Step S22).

Subsequently, the control device 4 selects the specific
capacitance detection unit 30, and determines whether the
correlation of the capacitance to the 1mage input gradation 1s
the predetermined correlation (Step S23). The control device
4 selects the specific capacitance detection umt 30, and,
when 1t 1s determined that the display 1s abnormal because
the correlation of the capacitance to the 1mage mput grada-
tion 1s not the predetermined correlation and the relative
angle . 1s smaller than the threshold angle corresponding to
the predetermined threshold temperature Tth illustrated in
FIG. 15 (No at Step S23), keeps the backlight to be 1n the
non-lighting state (Step S22).

The control device 4 calculates a relative angle o between
the temperature upper limit line LTNI and the correlation
line LVs, and, when it 1s determined that the display 1is
normal when the relative angle a becomes equal to or larger
than the threshold angle corresponding to the predetermined
threshold temperature Tth 1llustrated in FIG. 15 (Yes at Step
S23), lights the backlight 6 (Step S24). The display device
1 according to the third embodiment does not stop the image
input. Therefore, when the liquid crystal layer 54 1s dis-
played normally, the capacitance detection unit 30 can detect
an appropriate capacitance value according to the image
iput gradation.

As explained above, 1n the display device 1 according to
the third embodiment, when 1t 1s determined that the display
1s abnormal, the control device 4 sets the backlight 6 1n the
non-lighting state. Thereby even 1f the control device 4
continues the supply of the image mput, the display contents
of the display device 1 becomes invisible and this therefore
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cnables the viewer to recognize the occurrence of abnor-
mality. Then, when the capacitance value becomes the value

ol capacitance of the dielectric material that changes accord-
ing to the image input gradation, the display device 1 lights
the backlight 6 and can show the display contents to the
viewer because the display 1s normal. In the display device
1 according to the third embodiment, when it 1s determined
that the display 1s abnormal, the control device 4 sets the
backlight 6 in the non-lighting state; however, the embodi-
ment 1s not limited thereto, and the light source control unit
423 may reduce the light amount of the backlight 6 so as to
make 1t diflicult to see the display contents of the display
device 1. Thereby even 1f the control device 4 continues the
supply of the image 1nput, the display contents of the display
device 1 are made hard to see. This enables the viewer to
recognize the occurrence of abnormality and does not give
uncomiortable feeling to the viewer. Then, when the capaci-
tance value becomes the value of capacitance of the dielec-
tric material that changes according to the image input
gradation, the display 1s normal, and therefore the display
device 1 increases the light amount of the backlight 6 and
can show the display contents to the viewer.

In the display device 1 according to the third embodiment,
the capacitance detection unit 30 1s arranged 1n each of the
display regions within the plane of the display umt 21
similarly to the display device according to the second
embodiment, and the control device 4 may determine that
the display 1s normal or abnormal 1n each of the display
regions. When the backlight 6 includes a plurality of light
sources arrayed along the X direction or the Y direction so
that the light sources can be separately driven, that is, so that
the light amount of each of the light sources 1s independently
controlled, the display control unit 413 may partially sup-
press the light amount for the display region where the
display 1s abnormal.

Fourth Embodiment

FI1G. 23 1s a schematic plan view of the pixel substrate for
the display device according to a fourth embodiment. FIG.
24 1s a schematic explanatory diagram of how to detect a
capacitance of the display device according to the fourth
embodiment. The same reference signs are assigned to the
same components as these described in the embodiments,
and overlapping explanation 1s omitted. The display device
according to the fourth embodiment does not include the
capacitance detection electrode 73 1llustrated in FIG. 7, and
the common electrode com 1s divided into those from a
capacitance detection electrode coml to a capacitance detec-
tion electrode comk as illustrated mm FIG. 23. With this
structure, a potential corresponding to the image input
gradation 1s supplied to the pixel electrode 72, and 1n a
display period TH, illustrated in FIG. 24, during which the
display device 1 performs display, all the electrodes from the
capacitance detection electrode coml to the capacitance
detection electrode comk are set as the common electrode
com and the same common potential Vcom 1s applied
thereto.

Then, 1 the capacitance detection period Tscan, the
display device 1 outputs a capacitance value, as a detection
signal, of the dielectric material in the liquid crystal layer 54
that changes according to the image input gradation for each
pixel between the pixel electrode 72 and one of the capaci-
tance detection electrode coml to the capacitance detection
clectrode comk, to the capacitance detection circuit 26.

In the capacitance detection period Tscan, the display
device 1 may scan the capacitance detection electrode com1
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to the capacitance detection electrode comk to detect a
capacitance value, as a detection signal, of the dielectric

material 1n the liguid crystal layer 54. In the capacitance
detection period Tscan, the display device 1 does not need to
scan all the capacitance detection electrode coml to the
capacitance detection electrode comk, and may detect a
capacitance value of the dielectric material 1 the liquid
crystal layer 54 by using one or more, as part, selected from
the capacitance detection electrode com1 to the capacitance
detection electrode comk.

The display device 1 according to the first embodiment to
the fourth embodiment 1s a horizontal electric field type
liquid crystal display device, and performs a display by
forming an electric field between the pixel electrode (second
clectrode) 72 and the common electrode (first electrode)
com and 1n a direction parallel to the first substrate 50 to
thereby rotate the liqud crystal molecules of the liquid
crystal layer 54 within the plane parallel to surface of the
substrate and by using the change 1n the optical transmit-
tance corresponding to the rotation of the liquid crystal
molecules. The display device 1 according to the first
embodiment to the fourth embodiment 1s not limited to the
horizontal electric field type liquid crystal display device,
and may therefore drive 1t 1n a liguid crystal drive mode, as
a mode for dnving liquid crystal molecules 1n the liquid
crystal layer 54, using an electric field, a so-called vertical
clectric field, vertically produced between substrates:
between the pixel electrode (second electrode) 72 on the
second substrate 52 side and the common electrode (first
clectrode) com on the first substrate 50 side. As a liquid
crystal display device that drives liqud crystal using the
vertical electric field, a liqud crystal display device of a
vertical electric field type such as a twisted nematic (TN)
type, a vertical alignment (VA) type, and an electrically
controlled birefringence (ECB) type may be used for the
display device 1 according to the first embodiment to the
fourth embodiment.

Application Examples

Application examples of the display device 1 as explained
in the embodiments will be explained next with reference to
FIG. 25. FIG. 25 1s a diagram of an example of an electronic
apparatus to which the display device according to the
present embodiment 1s applied. The display device 1 accord-
ing to the present embodiment can be applied to electronic
apparatuses 1n all fields such as a car navigation system,
television devices, digital cameras, notebook personal com-
puters, portable electronic apparatuses such as mobile
phones, or video cameras. In other words, the display device
1 according to the present embodiment can be applied to
clectronic apparatuses 1n all fields that input an externally
input video signal or an internally generated video signal as
data for image nput, and display the data as an 1image or a
video. The electronic apparatus includes the control device
4, 1llustrated m FIG. 2 and FIG. 3, which supplies a video
signal to the display device to control operations of the
display device 1.

The electronic apparatus 1llustrated 1n FIG. 25 1s a head-
up display 301 to which the display device 1 according to the
present embodiment 1s applied. The electronic apparatus
illustrated 1n FIG. 25 may be a car navigation device 1A.
Because the head-up display 301, the car navigation system,
or the like 1s easily aflected by heat inside a vehicle, 1t 1s
required for the display device 1 to reduce the frequency of
the state 1n which it 1s used beyond the assumed operating
temperature range. The display device 1 as the head-up
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display 301 1s provided to a dashboard 300 inside a car. The
car navigation system 1s provided in, for example, between
a driver’s seat 311 and a passenger’s seat 312 on the
dashboard 300. The display device 1 of the car navigation
device 1A 1s used for navigation display, display of music
operation screen, or movie playback display, etc.

Application Example 1

FIG. 26 1s a schematic explanatory diagram of a head-up
display to which the display device according to the present

embodiment 1s applied. The head-up display 301 will be
explained below with reference to FIG. 25 and FIG. 26. The
head-up display 301 1s mounted on vehicles such as cars,

buses, or trucks, and displays information on an 1mage P on
a predetermined projection plane, for example, on a wind-

shield W of the vehicle illustrated in FIG. 25. A driver M of

the vehicle can visually recognize the information (virtual
image PI of the image P, explained later) displayed on the
windshield W without turning away from the foreground.

The head-up display 301 includes a light source 302, a
display unit 303, and a mirror 304. The light source 302 is,
for example, a light emitting diode (LED) which 1s provided
instead of the backlight 6, but 1s not limited thereto. The
display unit 303 1s the same as the liquid crystal display unit
2 of the display device 1 according to the present embodi-
ment, and therefore detailed explanation thereof 1s omitted.

The mirror 304 1s a concave mirror, and can reflect the
image P projected by the display unit 303 to the direction of
the windshield W. A plurality of mirrors 304 may be
provided depending on a positional relation between the
display unit 303 and the windshield W, and the head-up
display 301 may project the image P projected by the display
unit 303 to the windshield W through the mirrors 304. The
head-up display 301 may directly project the image P
projected by the display unit 303 to the windshield W. In this
case, the head-up display 301 has no mirror 304.

The dashboard 300 has an opening 305 on part of the
dashboard 300 which 1s provided at a place opposite to the
windshield W and to the mirror 304.

The image P projected by the display unit 303 i1s retlected
by the mirror 304 to pass through the opening 305 and 1s
projected to the windshield W. The mirror 304 enlarges the
image P to be projected to the windshield W. The driver M
can recognize the virtual image PI of the image P by visually
recognizing the image projected by the display unit 303 to
the windshield W.

The windshield W of the vehicle 1s easily 1rradiated with
light (sunlight) LS from the sun S. The sunlight LS irradiated
to the windshield W passes through the opening 305 to be
reflected by the mirror 304, and 1s irradiated to the display
unit 303. As explained above, the mirror 304 enlarges the
image P displayed by the display unit 303 at the time of 1ts
reflection and projects the enlarged image to the windshield
W. Therefore, the sunlight LS from the windshield W 1s
reduced by the mirror 304 and 1s irradiated to the display
unit 303.

The temperature of the display unit 303 is easily increased
by infrared rays contained in the sunlight LS. The sunlight
LS 1s condensed by the mirror 304, and therefore the energy
density of the infrared rays irradiated to the display unit 303
1s increased. The display unit 303 1s stored 1n the dashboard
300 of the vehicle, and 1s therefore used 1n the environment
where heat accumulates and 1s hard to diffuse. Theretfore, the
display unit 303 1s used in the environment where the
temperature 1s easily increased.
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As explained above, the head-up display 301 includes the
pixels Vpix of the display unit 303, the capacitance detection
umt 30, and the control device 4. The display unit 303
includes the first substrate 50 and the second substrate 52
which face each other, the liquid crystal layer 34 including
the dielectric material which 1s held between the first sub-
strate 50 and the second substrate 52 and has the dielectric
anisotropy and the optical anisotropy, and displays an image
using the pixels Vpix arranged in the matrix. The pixel
circuit applies the electric field to the dielectric material 1n
the liquid crystal layer 54 according to the image input
gradation for each pixel Vpix. The capacitance detection
umt 30 outputs a detection signal of the magnitude corre-
sponding to the value of the capacitance of the dielectric
maternal in the liquid crystal layer 54. The control device 4
stores a plurality of detection signals output by the capaci-
tance detection units 30, and determines that the display 1s
normal when the correlation value of the capacitance to the
image mput gradation 1s 1n the predetermined correlation.
This enables the head-up display to directly detect that the
display 1s normal with responsiveness of the display state
even 1n the state where the heat 1s stored inside the vehicle.
The embodiments are not lmmited by the contents
described above. In addition, the components of the embodi-
ments include those which can be easily thought of by
persons skilled i the art, those which are substantially
equivalent to each other, and those 1n a scope of so-called
equivalents. Moreover, the components can be omitted,
replaced, and modified 1n various ways within a scape that
does not depart from the gist of the embodiments.
What 1s claimed 1s:
1. A display device comprising:
a display unit that includes a dielectric material between
two substrates that face each other and a plurality of
pixel circuits that apply an electric field to the dielectric
material according to an 1mage mput gradation for each
of a plurality of pixels arranged 1in a matrix, and
displays an image using the plurality of pixels;
a capacitance detection unit that outputs a detection signal
of a magnitude corresponding to a value of a capaci-
tance of the dielectric material; and
a control device that determines, on a basis of the detec-
tion signal from the capacitance detection unit, that the
display 1s normal when a correlation value of the
capacitance to the image input gradation 1s in a prede-
termined correlation, and that the display 1s abnormal
when a plurality of correlation values of the capaci-
tance to a plurality of image 1nput gradations are not in
the predetermined correlation,
wherein the control device determines the plurality of
correlation values are not 1n the predetermined corre-
lation on a basis of at least one selected from a group
comprising:
when a change 1n the plurality of correlation values of
the capacitance to the plurality of 1image mnput gra-
dations 1s a predetermined threshold or less,

when the plurality of correlation values of the capaci-
tance to the plurality of 1image input gradations does
not change, or

when an angle between an approximate line based on
the plurality of correlation values of the capacitance
to the plurality of image input gradations and a
predetermined reference line 1s a predetermined
threshold angle or more.

2. The display device according to claim 1, wherein the
plurality of correlation values of the capacitance to the
plurality of image input gradations are correlation values
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based on the detection signal that 1s detected at diflerent time
points by the capacitance detection unit.

3. The display device according to claim 1, wherein

the capacitance detection umt comprises a plurality of

capacitance detection units, each of the plurality of
capacitance detection umts 1s arranged 1 each of a
plurality of display regions within a plane of the display
unit, and

the plurality of correlation values of the capacitance to the

plurality of image mnput gradations are correlation
values based on detection signals that are detected by
the plurality of capacitance detection units.

4. The display device according to claim 1, wherein

the capacitance detection umt 1s arranged in each of a

plurality of display regions within a plane of the display
unit, and

the control device determines whether the display 1s

normal or abnormal for each of the plurality of display
regions.

5. The display device according to claim 1, wherein, when
it 1s determined that the display 1s abnormal,

the control device sets the image mput gradation of at

least a pixel having a capacitance that 1s detected by the
capacitance detection unit to be a minmimum gradation
or a maximum gradation.

6. The display device according to claim 3, wherein, when
it 1s determined that the display 1s abnormal,

the control device sets the 1mage mput gradation of at

least a pixel having a capacitance that 1s detected by the
capacitance detection unit arranged 1n a display region
having the display that 1s determined to be abnormal to
be a minimum gradation or a maximum gradation.

7. The display device according to claim 1, further com-
prising an illumination unit that irradiates light toward the
display unit,

wherein, when 1t 1s determined that the display 1s abnor-

mal, the control device reduces an amount of light of
the 1llumination unait.

8. The display device according to claim 3, further com-
prising an illumination unit that irradiates light for each of
the plurality of display regions,

wherein, when 1t 1s determined that the display of at least

one of the plurality of display regions 1s abnormal, the
control device reduces an amount of light of the illu-
mination unit which 1s irradiated on the at least one of
the plurality of display regions.

9. The display device according to claim 4, wherein, when
it 1s determined that part of the display 1s abnormal,

the control device displays an alert 1n a display region

where the display 1s determined as normal.

10. The display device according to claim 1, wherein,
when 1t 1s determined that part of the display 1s abnormal,

the control device displays an alert 1n a display region
where the display 1s determined as normal.

11. The display device according to claim 1, wherein the
capacitance detection unit includes a plurality of detectors
that are arranged such that arrangement density of a portion
of the plurality of detectors 1n a central region of the display
unit 1s different from that of other portions of the plurality of
detectors 1n peripheral regions of the display unat.

12. The display device according to claim 1, wherein the
capacitance detection unit outputs the detection signal when
the 1mage nput gradation of a pixel having a capacitance
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that 1s detected by the capacitance detection unit 1s a
minimum gradation or a maximum gradation.

13. The display device according to claim 4, wherein the
capacitance detection unit outputs the detection signal when
the 1mage mput gradation of a pixel having a capacitance
that 1s detected by the capacitance detection unit 1s a
minimum gradation or a maximum gradation.

14. A display device comprising;:

a display unit that includes a dielectric material between
two substrates that face each other and a plurality of
pixel circuits that apply an electric field to the dielectric
material according to an 1mage imput gradation for each
of a plurality of pixels arranged in a matrix, and
displays an image using the plurality of pixels;

a capacitance detection unit that outputs a detection signal
of a magnitude corresponding to a value of a capaci-
tance of the dielectric material; and

a control device that determines, on a basis of the detec-
tion signal from the capacitance detection unit, that the
display 1s normal when a correlation value of the
capacitance to the image input gradation 1s in a prede-
termined correlation, and that the display 1s abnormal
when a plurality of correlation values of the capaci-
tance to a plurality of image 1nput gradations are not in
the predetermined correlation,

wherein, when the control device determines that the
display 1s abnormal, the control device performs one
selected from a group comprising:
sets the 1image 1mput gradation of at least a pixel whose

capacitance 1s detected by the capacitance detection
unit to be a minimum gradation or a maximum
gradation,
reduces an amount of light of an illumination unit, or
displays an alert 1n a display region where the display
has been determined as normal.

15. A di1 splay device comprising:

a display unit that includes a dielectric material between
two substrates that face each other and a plurality of
pixel circuits that apply an electric field to the dielectric
material according to an 1mage mput gradation for each
of a plurality of pixels arranged in a matnx, and
displays an image using the plurality of pixels;

one or more capacitance detection units that are arranged
in each of a plurality of display regions within a plane
of the display unit and output detection signals, each
detection signal of the detection signals indicative of a
magnitude corresponding to a value of a capacitance of
the dielectric material 1n one of the plurality of display
regions; and

a control device that determines, on a basis of the detec-
tion signals from the one or more capacitance detection
units, that the display 1s normal for each of the plurality

of display regions when a correlation value of the
capacitance to the image input gradation 1s 1n a prede-
termined correlation, and that the display 1s abnormal
for each of the plurality of display regions when a
plurality of correlation values of the capacitance to a
plurality of image mnput gradations are not in the
predetermined correlation.
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